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Abstract  
This article, based on the analysis of the collected instantaneous velocity data, confirmed the randomness of 
water movement and met the stationary random process. The relationship between the pulse amplitude, Reynolds 
number and Froude number and it satisfies the trend of exponential curve, that is, with the large average pulse 
amplitude, Reynolds number and Froude number gets larger, and it leads to the change of the corresponding flowing 
structure. The pulse amplitude along the depth direction distributes according to an exponential curve, as the water 
depth increases, the pulse amplitude increases. The fluctuation of velocity plays an important role in the pulse 
velocity and incipient velocity of sediment river erosion, river bank erosion and collapse of the damaged dike. So the 
research of pulse amplitude is very necessary. 
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1. Introduction 
Turbulent flow is a kind of complex vortex motion, which is common in nature and engineering 
technology. Turbulent flow is consists of vortex body and vortex formed of different size scales, and it is 
the Non-linear stochastic process towards time and space. The most important feature of Turbulent flow 
is that there is fluctuation in velocity, when observed at a spatial point, the factors (such as velocity, 
pressure) of the Turbulent flow showed sharp fluctuations over time, the phenomenon known as flow 
fluctuation. The fluctuation of velocity plays an important role in the pulse velocity and incipient velocity 
of sediment River erosion, river bank erosion and collapse of the damaged dike[1]-[6]. Therefore the 
effective understanding of turbulent velocity fluctuation of sediment incipient velocity, movement and 
erosion, damage to structures is necessary.  This article focuses on the turbulent vertical velocity in the 
fluctuation amplitude of the average relationship between the mean vertical velocity and the 
corresponding Froude number and Reynolds number relationship. 
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2.  The Randon Turbulent Motion 
Turbulence is the most common type of flow in nature and engineering practice, most natural rivers are 
Turbulent flows. Turbulence is the velocity and pressure and other physical quantities, both in time and 
space with continuous and irregular changes in the flow state, that is tangled Stochastic flow of 
movement, the most basic features are:(1) even in the case of constant flow, the flow field at any point in 
the flow rate and pressure of the pulse was irregular over time,(2) with the diffusion of turbulence, it can 
pass between the momentum, heat and mass in the water layers. Figure 1 shows the measured vertical 
velocity changes with time[3]. 
 
 
 
Fig. 1 The instantaneous vertical velocity distribution measured 
 
 
 
Fig. 2 Test section map 
3. Random Process Analysis Of Turbulence 
To random phenomenon, although there is no regularity of individual test results, the average numbers 
of a lot of test results have certain regularity. Because turbulence is random, the method of statistical 
analysis of studying turbulent flow problems in turbulence theory is adopted. There are four statistical 
average methods[3,4]: 
3.1 Time-averaged method 
This method applies to the time-averaged constant turbulent flow, which is defined as 
   
³

fo
 
Tt
t
T
t udtT
u 0
0
1
lim
                                                    (1) 
3.2  Space-averaged method 
  For uniform flow (ie, the time-averaged properties of turbulence stay the same) can use space 
averaging method, which is defined as                        
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   "V " stands for "Volume" 
3.3  space-time averaged method 
This is a method to both time average and space average , which is defined as 
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3.4 The average probability 
  Time-averaged and space-averaged method only apply to two particular turbulence, the former applies 
to constant turbulence, the latter applies to uniform flow. For the general non-steady and non-uniform 
flow, you can use the general average of random variables, that is, the probability-averaged method, the 
starting point is to calculate the average of the repeated test results , that is, 
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   "N" is the number of repeated tests  
Regardless of the time-averaged method or the space-averaged method, the average of the results of an 
experiment will be equal to the average of a large number of tests, which is determined by the nature of 
the ergodicity, which may go through: all the possible states of a random variable in repeated experiments, 
which can appear in the same probability in a trial within a large space, the conclusion is that the three 
averages are equal for an ergodic system, ie: 
          eVt uuu                                                           (5) 
This allows you to use the average possibility when creating turbulence theory, while in the test 
measurements, you can regard the average number as time-averaged or space-averaged. Table 1 is a test 
section speed of the elements of statistical tables. 
TABLE I.  A TEST SECTION SPEED OF THE ELEMENTS OF STATISTICAL TABLES 
Measuring 
point 
Maximum 
(m/s) 
Minimum
(m/s) 
Average
(m/s) 
Test 
number Variance
0.8h 3.22  1.48  2.26 1991 0.46  
0.6h 3.08  1.19  2.12 1854 0.45  
0.4h 3.10  1.12  2.03 1769 0.44  
0.2h 3.00  1.05  1.89 1652 0.41  
Near-bottom 2.76  0.81  1.78 1546 0.41  
4. Expereental Conditions And Results[4] 
Test tank: turn model: full length: 23m, which is adopted in two ways with glass and masonry 
assembled with width 1.2m and 2m. It is composed of three corners of different angles, including 6m at 
the entrance to the upstream straight transition section; two corners of 38 ° and 86 ° in up streams and 0 ° 
straight downstream. 
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Water supply system: Chongqing Jiaotong University, School of River and Ocean Engineering 
Laboratory pumps, which provides maximum flow rate of 600L / s by circulating water model. The first 
tank is a giant thin-tank-wall weir, with the width of 1.3m, height of 1.1m. When the flow rate reaches the 
required figure, the drain time is controlled in about 15 minutes, the relative error is controlled at about ± 
2%, and the end slot controls the model level by the tail gate. 
 The experiment is carried out in Chongqing Jiaotong University, School of River and Ocean 
Engineering Laboratory. Experimental test section 5# is rectangular slot, with width 1m, height 0.8m; 
Experimental test section 7# is a glass tank, with width 1.25m,and height 8m. By tracking and measuring 
the velocity distribution over time, the relationship of velocity amplitude and Froude number, Reynolds 
numbers are analyzed. The data sample is collected by using the instantaneous flow velocity. In the 
experiment, the sampling rate of the system is set to 4000 times / second, frequency response speed is 
100Hz. From the results we can see the sampling data is very reliable. Test section is shown in Figure 2. 
Figure 3 shows a test section velocity distribution along the depth, there are 25 groups of the test. The 
distribution of velocity generally meets the distribution of logarithms and exponential. In Figure 4, the 
average pulse amplitude of the velocity distribution also shows the same exponential distribution along 
the depth. Table 2 is the curve fitting form of the 20 groups of pulse amplitude tested. 
 
 
 
Fig. 3 Plus amplitude of velocity along the depth  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Velocity along the depth 
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TABLE II.  THE FORM OF PULSE AMPLITUDE DISTRIBUTION ALONG THE DEPTH 
Groups Pulse width pulse amplitude distribution Curve of the form 
Correlation 
coefficient 
1 y = 4E-14e37.05x 0.8871 
2 y = 9E-06e22.253x 0.9916 
3 y = 2E-11e37.803x 0.9011 
4 y = 0.0015e10.727x 0.8319 
5 y = 3E-12e54.977x 0.8702 
6 y = 6E-07e23.631x 0.7795 
7 y = 2E-05e19.741x 0.8976 
8 y = 2E-08e18.734x 0.9799 
9 y = 4E-09e21.08x 0.9667 
10 y = 9E-17e54.039x 0.9002 
11 y = 2E-05e12.78x 0.8722 
12 y = 4E-05e11.163x 0.9171 
13 y = 3E-06e22.272x 0.9886 
14 y = 2E-07e15.892x 0.8727 
15      y = 1.0043Ln(x) + 0.4321 0.9919 
16 y = 2E-11e31.702x 0.9584 
17 y = 1E-07e41.348x 0.8584 
18 y = 5E-06e26.314x 0.8564 
19 y = 2E-07e16.358x 0.9792 
20 y = 8E-05e13.211x 0.9832 
 
 
 
Fig. 5 vertical relationship between mean velocity and pulse amplitude 
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Fig.6 Relationship between Reynolds number and the pulse amplitude 
 
Fig. 7 Relationship between pulse amplitude and Froude number 
TABLE III.  TEST SECTION PARAMETER TABLE 
Depth  
(m) 
Velocity 
(m/s) 
Pulse 
amplitude
(m/s) 
Reynolds 
number
Froude 
number 
Flow rate
(L/s) 
0.045 0.380 0.017  12143 0.572  18.31 
0.075  0.605  0.029  30789 0.705  49.11 
0.090  0.735  0.039  43910 0.782  76.45 
0.110  0.797  0.062  56555 0.767  98.77 
0.135  0.879  0.056  73955 0.764  132.78 
0.190  1.051  0.098  115774 0.770  228.96 
0.240  1.119  0.397  146390 0.729   343.4 
0.269  1.229  0.373  174064 0.757   435.4 
0.323  1.353  0.461  216601 0.761   535.6 
From the Figure 5 - Figure 7 and Table 3, the direction of pulse amplitude exponentially along the 
depth distribution pattern, with the water depth increases, the pulse rate increased; At the same time, the 
relationship between pulse amplitude and Froude number and Reynolds number also shows the 
relationship of Exponential curve, which indicates that the change of the Froude number and Reynolds 
number results in the exponential change of the Pulse amplitude of Velocity. The average amplitude and 
Froude number curves reflect the average amplitude with the increase of Froude number of a linear 
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upward trend, indicating that the greater proportion of the average kinetic energy of the flow, and there is 
also the existence of such circumstances about Reynolds, increased with the the average amplitude. 
Reynolds number is also greater than number 500 of the natural river channel and under the critical 
Reynolds, therefore, it is turbulent flow. 
5. Conclusion  
(1) Water movement is random, the analysis of elements of their movement can be analyzed by smooth 
ergodic random process. 
(2) The average speed of turbulent motion in the amplitude and the Reynolds number, Froude number 
shows the Logarithms distribution, that is, with the larger the average pulse amplitude, Reynolds number 
and Froude number gets larger, leading to the change of the corresponding flowing structure. 
(3) Turbulence, the vertical velocity distribution meets the relationship of the Logarithms and Exponential, 
therefore, the velocity of the surface water is greater than that of at any point in the deep water. 
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